glomeruli. Using this counting technique on ultrathin sections in the electron microscope, Weibel et al. (1969) have estimated the number of hepatocytes in the liver and the number of mitochondria in the hepatocyte.
Surface Area Measurement Measurement of the internal surface area of the lung, i.e. the alveolar surface area, was the first problem to be elucidated in this field. The solution was arrived at independently by Short (1950-51) and by Campbell & Tomkeieff (1952) . The method depends upon the fact that if a line of known length is cast at random on a section of tissue it will be intersected a number of times by the component whose surface area is required. The mean distance between the intersections is termed the mean linear intercept, Lm, and this can be shown to be inversely proportional to the surface area of the component. In practice crossed hair-lines of known length are placed at random on suitable histological sections and the number of intercepts, m, with the surface counted. The mean linear intercept is then calculated from the length of the line used, L, and the number of fields examined, N, from Lm-NL/m. The surface area, S, of the component then follows from: S=2V/Lm,'where V is the volume of the organ containing the component. The total alveolar surface area in an adult is approximately 70 m2 (Weibel 1963b). The exact value varies with age and the body surface area. There appears to be a' linear relationship between body surface area and pulmonary alveolar surface area during growth (Dunnill 1962b) . A reduction in surface area has been found in emphysema by Duguid et al. (1964) and by Hicken et al. (1966) , the latter authors making the important observation that there was no relationship between the reduction of alveolar surface area and the degree of right ventricular hypertrophy.
The mean linear intercept method was used by Aherne and Dunnill (1966a, b) in-investigating the morphometry of the human placenta. They found that the mean value for the area of the chorionic villous surface at term was 11.0 m2, whereas in placentas associated with maternal hypertension this area was significantly lower, at 8-4 M2. In normotensive pregnancies associated with abnormally small, 'dysmature' infants the villous surface area at term was 6-4 M2. However,' in all cases, whether normal or abnormal, they were able to demonstrate a highly significant correlation between the chorionic villous surface area and the infant's birth weight, and suggested that stunting might be due to primary placental hypoplasia.
If it is required to measure the ratio of surface area to volume of a component in a composite structure, a combination of both point counting and the mean linear intercept method can be employed, as described originally by Chalkley et al. (1949) .
Conclusions
These few brief examples serve to show some of the uses to which morphometric methods may be put. There are many more, both methods and applications, and it seems likely that in the future the techniques of morphometry will enlarge and improve, notably with the introduction of automation, and their use will become more widespread. The problems of histoquantitation can be considered under three major headings: preparation of the section, the quantitation procedure, and the interpretation of the result. In interpretation it is essential to consider not only the accuracy of the quantitation procedure, but also the degree to which the section measured is representative of the organ as a whole. The correlation between changes in iliac crest and vertebra have been studied by Dunnill et al. (1967) . In histoquantitation studies on bone, section preparation has a particularly important role, because of the specialized techniques needed to prepare good quality undecalcified sections of bone. The technique chosen for this work involves plastic embedding, and then the cutting of thin (about 8 pm) sections on a Jung K microtome, and is a modification of that used by Matrajt et al. (1967) . The quality of sections obtainable is illustrated in Fig 1. For quantification, point counting systems and Weibel grids have been used in the past. However, there are several features of bone which make these techniques not quite so suitable. The demarcation between cortex and medulla may be simple in some cases, while in others it is difficult if not impossible to determine. The iliac crest biopsy technique, used 'through and through' rather than from the crest downwards, did ensure that the distance of the trabecular bone from the adjacent cortex was represented clearly on the section. A line scan technique measuring the constituents of the biopsy along a series of lines parallel to thecortex offered a means of constructing a block diagram which would graphically illustrate the change in bone constitution in the transition zone between cortex and medulla ( Fig  2) . To help in the laborious task of making the actual measurements a semi-automated histoquantitation technique adapted from Lazarow & Carpenter (1962) was used. A stepping electrical motor is used to drive a micrometer stage on a projection microscope. Actuating the motor results in the projected picture moving past a reference spot in the screen, the equivalent of drawing a line across the section. The motor can be made to stop and start by any one of five different controls, and the speed of traverse can be varied. Each control is connected to a different recorder which measures the distance the stage moves in pim while the relevant button is depressed, and also the number of times the button has been depressed. At the end of a line scan then, the total length of the line that lies over each component is recorded and also the number of individual components, and therefore the number of intercepts for each component.
The reproducibility of the results was checked by three separate methods: (1) the same section was requantified using the same technique; (2) an immediately adjacent section was requantified by an entirely different technique; (3) a section from a different level of the same biopsy was requantified by the standard technique. There were no significant differences in any of the studies and an extremely good correlation was shown between the results obtained with this technique and a separate automatic technique (r= +0-96) (Fig 3) .
This technique has been applied to a large number of iliac crest biopsies, and the bone changes in renal failure and various metabolic diseases compared with normal values. More recently experience has been gained with a more automated technique, using a quantitation system developed in the Cyclotron Unit at the Hammersmith Hospital. The section is viewed through a microscope with a beamsplitter and the image is viewed by a black and white television camera.
The signals from this camera are then separated into seven different channels, depending upon their intensity. The threshold and band width of each channel can be varied independently. The picture is viewed on a colour monitor and each of the channels is arbitrarily allocated one colour. When the section is first examined, a black and white picture is shown on the monitor. Then one channel is coded for a colour and the threshold and band width of that channel adjusted until the component which is to be measured is completely filled in with the colour chosen. Other components are then filled in with colours in a similar way. The total length of television line scan corresponding to each colour can be measured almost instantaneously; and this, of course, corresponds to the area of each colour. In addition, the number of intercepts of the raster across each colour can also be measured; this corresponds to the perimeter measurement. Item counting can also be carried out. All these measurements are of course dependent on an adequate contrast between the various components to be measured. Colour filters can be used if necessary, and the settings can be checked not only visually but also by showing that the visual setting corresponds to a plateau in the count rate. This technique has been used for lung measurements as well as for bone measurements and, as previously mentioned, extremely good agreement was found between the standard technique and this automated television technique. Although techniques of this or similar types are clearly going to revolutionize histoquantitation in the near future, no system yet devised has anything like the sensitivity of the human eye in recognizing artifact. Histoquantitation in the future may well depend upon the production of artifact-free sections prepared especially for machine counting, rather than for visual identification.
